We study the case when the triple-Pomeron vertex is assumed to have a vectorial form, that is, the amplitude of high-mass diffractive dissociation vanishes as V ∝ q t · e as q t → 0. We find that the available data in the triple-Reggeon region may be well described in such a 'weak' coupling scenario, providing that absorptive effects are taken into account. We compare this weak (vector) coupling scenario with the strong and weak (scalar) coupling scenarios. Corresponding predictions are presented for an LHC energy of 14 TeV.
Introduction
The energy behaviour of the scattering amplitude may be consistently described by two different scenarios for the asymptotic regime [1] . One is called the weak coupling of the Pomerons. In this case, at very high energy, √ s, the cross sections tend to the universal constant value σ tot → constant as s → ∞.
In order not to violate unitarity, the triple-Pomeron coupling must vanish with vanishing transverse momentum, q t , transferred through the Pomeron [2] g 3P ∝ q 2 t as q t → 0.
Another possibility is called the strong coupling scenario [3] . Here, at a very high energies, the cross sections grows as σ tot ∝ (ln s)
and the bare vertex g 3P | qt→0 → constant.
The present data are usually described within the Froissart-like limit of the second scenario (with η = 2). However to reach asymptotics we need very high energy -the energy at which the slope of the elastic amplitude, B = B 0 + α ′ P ln(s) is dominated by the second term, that is when α ′ P ln(s) ≫ B 0 . This is far beyond the energies available at present. Another possibility, to distinguish between the weak and strong approaches, is to study the q t dependence of the bare triple-Pomeron vertex [4] . Thus, it is important to extract the bare vertex before its behaviour is affected by absorptive corrections.
In Ref. [5] we analysed the data in the triple-Pomeron region accounting for absorptive effects in the framework of a two-channel eikonal, see also [6] . That is, we performed a tripleRegge analysis of the available d 2 σ/dtdξ data for pp → pX andpp →pX (where ξ = M 2 /s and M is the mass of system X), allowing for screening (absorptive) effects. To be precise, we fitted the CERN-ISR 1 [7] , FNAL fixed-target [8] and Tevatron [9] data for pp → pX and pp →pX. The differential distributions for the FNAL fixed target and Tevatron experiments can be found in Ref. [10] . Both the 'strong' and 'weak' coupling scenarios were considered. We found that the data favoured the 'strong' coupling scenario [5] .
However, there is another possibility which should be studied. In the 'weak' coupling scenario considered in [5] a 'scalar' form of the vanishing of the coupling as q t → 0, (2), was assumed. As was pointed out by V.N. Gribov [11] , it is natural to have a vector form of the triple-Pomeron vertex which vanishes as q t → 0. Indeed in Feynman diagrams for the pp → p + X amplitude we never deal with q 2 , but rather with vector q multiplied by some vector e that characterizes the final state X. Thus we may have a weak coupling in which the vertex of p → X dissociation has the vectorial form
An example is photon-exchange. In this case the vector form of the p → X vertex comes from current conservation (gauge invariance), and is clearly seen in the Weizsäcker-Williams approach 
[13], where the polarisation vector of a Coulomb-like photon, ǫ, is replaced by ǫ = q t /x. Here, the (Coulomb) photon plays the role of Pomeron exchange and 'x' is the momentum fraction transferred through the photon (or Pomeron).
The 'polarisation' structure, (5), will change the predicted cross sections, since it leads to different screening corrections. However, can this 'vectorial weak' scenario describe the data in the triple-Pomeron domain?
Screening corrections in the triple-Regge formalism
If, for the moment, we neglect the screening correction, then the iij triple-Regge diagram of Fig. 1 gives the contribution
where β i is the coupling of Reggeon i to the proton, α i (t) is the trajectory of Reggeon i, and M is the mass of the system X produced by proton dissociation (in Fig. 1 this system is described by Reggeon j). Let us first recall the 'strong' coupling case, (4) , that we studied in [5] . For this we used a simple exponential parametrisation of the triple-Regge vertices
where the momenta are defined in Fig. 1 , and where q 2 = t min − q where the opacity
where B P = r P + α ′ P ln(s/s 0 ) is the t-slope of the Pomeron exchange amplitude. A similar expression holds for the Reggeon opacity Ω R .
To determine the q t or t dependence we took the Fourier transforms with respect to the impact parameters specified in Fig. 1 . We then obtained
where
and where the q t -independent factors are collected in A
These equations are relevant for the strong triple-Pomeron scenario, see (4) . In Ref. [5] we also studied the 'scalar' weak triple-Pomeron coupling ansatz, (2) . To do this we included a factor q t in the integrand of the expression (11) for F i (b 2 ) when i, j = P , and alsoq t (= q t ) in the analogous formula for
To obtain the screening corrections, for a single-channel eikonal, we then included in the integrands on the right-hand side of (10) the factors
That is, we computed
where I is given by
Here q t is the transverse momentum of the outgoing proton, which is now the sum of the transverse momentum of the Pomeron coupling to the triple-Pomeron vertex and that of the screening Pomeron.
These were the 'strong' and 'weak' scenarios studied in detail in [5] . As mentioned above, we found that the data favoured the 'strong' coupling scenario. Our concern here is the possibility that we may have a 'weak' triple-Pomeron coupling with a vectorial structure. That is the coupling in Fig. 1 is of the form
The final product means that an additional factor q t will occur in the integrand of (11) . The presence of a vectorial q t means that after the angular integration in (11), we now obtain the Bessel function J 1 (q t b), and not J 0 (q t b) as was found in [5] . Also, in the impact parameter, b, representation the amplitude corresponding to (11) takes a vector form
Due to the factor J 1 (q t b), the amplitude vanishes at b = 0, where the screening effect, exp(−Ω), is at its maximum. Thus, we now anticipate a weaker screening for the triple-Pomeron term. Moreover, as the amplitude now has vector form (analogous to that occurring in the ππP contribution discussed in Section 4.3 of [5] ) we have to consider the components I x and I y separately. That is I of (16) is given by
where it is convenient to direct x along q t .
The generalisation of the formalism to a two-channel eikonal is straightforward. It has been presented in Section 4.2 of [5].
Results
As can be seen from Figs. 2−5, the presently available data in the triple-Regge region are well described assuming that the triple-Pomeron vertex has a vectorial 'weak' form. Fig. 2 also shows the results of two previous fits, taken from Ref. [5] , which were obtained with the assumption that the triple-Pomeron vertex had, first, a 'strong' coupling and, then, a scalar 'weak' coupling. All three fits used the same data sets. Recall that these three scenarios differ in how the triple-Pomeron coupling vanishes as q t → 0: weak vector coupling :
√ g 3P ∝ q t weak scalar coupling : √ g 3P ∝ q t strong coupling : √ g 3P ∝ constant. Table 1 compares the values of parameters obtained for the vectorial weak scenario with those obtained in Ref. [5] for the strong and scalar weak scenarios. Note that for the case of vectorial Figure 2 : The description of a sample of the d 2 σ/dtdξ cross section data that are fitted using the weak-vector (continuous curves), weak-scalar (dashed curves) and strong (dot-dashed) triplePomeron coupling ansatzes. (ξ ≃ M 2 /s). Here, the curves corresponding to the (strong, weak) coupling fits of the FNAL data have been normalised (down, up) by 15% at √ s = 546 GeV and by 10% at √ s = 1800 GeV, to allow for the normalisations found for these data in the respective fits. 0.44 ± 0.05
0.75 ± 0.10 0.76 ± 0.15 0.66 ± 0.11 b
6 ± 1.0 2.9 ± 1.4 3.0 ± 1.1 χ 2 /DoF 0.83 1.40 0.86 Table 1 : The values of the "bare" triple-Regge couplings g iij (0) of (13), and slopes b ′ iij of (11, 12) , obtained in the three optimum fits to the d 2 σ/dtdξ data. GeV units are used; so, for example, the couplings g 3P have units of GeV −1 . The parameters for the strong and weak-scalar fits are taken from Ref. [5] . Recall that all the slopes b ′ iij are set to zero, except for those of the P P P and P P R vertices in the weak coupling fit.
'weak' coupling we get practically the same χ 2 as in the more popular 'strong' coupling scenario. The secondary Reggeon contributions, that is the RRP , RRR and P P R terms, coincide, within the error bars, in all three scenarios.
Unlike that for the weak-scalar, the weak-vector triple-Pomeron contribution has no dip at very low |t| ∼ 0.02 GeV 2 (see Figs. 3, 4 and 6). The vector contribution vanishes at q t = 0 since we have no direction.
More rapid decrease of the P P P contribution at large ξ > 0.1, seen in Fig. 5 , is due to the longitudinal part of the momentum transfer
In the vectorial 'weak' scenario the triple-Pomeron contribution vanishes as q t → 0, while for fixed t, the value of q t decreases as ξ increases. Measurements of d 2 σ/dtdξ at the LHC, especially at small ξ ∼ 0.01, should be able to distinguish between the three scenarios, see 
Discussion
Recall that in perturbative QCD, the leading-order BFKL triple-Pomeron vertex does not vanish, but takes a non-zero constant value at q t = 0 . This result corresponds to interactions at very small distances. However, at larger distances, relevant for q t → 0, the absorptive effects caused by enhanced multi-Pomeron diagrams could modify the perturbative QCD result leading to a vanishing triple-Pomeron coupling as q t → 0. This vanishing behaviour also looks natural if we bear in mind confinement, which does not allow colour-induced interactions at large distances. From this point of view it looks encouraging that the present triple-Regge data may be well described within the vectorial 'weak' approach, after accounting for absorptive corrections.
The only minor problem is the inelastic J/ψ diffractive photoproduction observed at HERA [14] . Due to the small cross section of the J/ψ-proton interaction, the absorptive effects in this case are very small. The ratio, r, of the cross section with proton dissociation, γp → J/ψ + Y , integrated over the mass region M Y < 30 GeV, to that of 'elastic' photoproduction, γp → J/ψ + p, was measured as a function of momentum transfer t. At the smallest value of −t = 0.2 GeV 2 measured by ZEUS [14] , this ratio r = 0.4 ± 0.1 [14, 15] . On the other hand, using the parameters of our 'weak-vector' fit from Table 1 , we predict a smaller value r = r P P P + r P P R ≃ 0.16 + 0.08 = 0.24.
Here r P P P and r P P R denote the contributions of the P P P and P P R terms respectively. This should be compared to the predictions r ≃ 0.16 + 0.12 = 0.28 and r ≃ 0.14 + 0.07 = 0.21 obtained using the strong and 'weak-scalar' fits of Ref. [5] . Indeed, in [5] we concluded that the weak-scalar triple-Pomeron coupling was disfavoured both by the fit to the triple-Regge data and by the J/ψ data. On the other hand, the triple-Regge data can be reasonably accommodated by the weak-vector coupling, although this triple-Pomeron coupling is still a bit disfavoured, in comparison with the strong coupling regime, by the J/ψ data. Unfortunately, (a) we have no data at smaller |t| and (b) the cross section of inelastic γp → J/ψ + Y diffractive photoproduction has never been published in a journal. Thus, these data cannot be considered as a strong argument against the 'weak-vector' coupling scenario.
It would be very interesting to measure the t dependence of high-mass diffractive dissociation, d
2 σ/dtdξ, at the LHC in order to choose between the possible vectorial 'weak' and 'strong' coupling asymptotic regimes.
